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(54) Method and apparatus for transporting and using a semiconductor substrate carrier 

(57) A carrier (200) having a side door (220) trans- 
ports 300 millimeter semiconductor substrates (250) in 
a horizontal position. An airtight mini-environment is 
created by sealing mechanism (225) of the side door 
(220). Alignment features on the front of the carrier 
(440) and the process tool (430 align the carrier (440) to 
the tool (430). A gap (447) is formed between the carrier 
(440) and the tool (430 )when the carrier is attached to 
the carrier. The side door (445) is lowered into the tool 
(430) out of the transport path of the semiconductor 
substrates contained in the carrier (440). Airflow from 
the tool (430) to the intermediate environment (420) to 
the fabrication environment (410) is from a cleaner envi- 
ronment to a less clean environment. 




FIG. 5 
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Description 

Field of the Invention 

This invention relates generally to a carrier for a 
semiconductor substrate, and specifically to a semicon- 
ductor substrate carrier for a 300 millimeter (mm) semi- 
conductor substrate. 

Background of the Invention 

In the semiconductor arts, a semiconductor sub- 
strate carrier is a device capable of holding a plurality of 
semiconductor substrates during transportation. Semi- 
conductor substrate carriers consist of a box and a cas- 
sette. The box is a container with a lid, which can be 
hinged. The cassette physically holds semiconductor 
substrates and fits in the box for transporting purposes. 
The cassette is removed from the box during a semicon- 
ductor processing step at a particular tool. 

Cassettes used in modern semiconductor manu- 
facturing facilities are capable of holding 25 semicon- 
ductor substrates, while carriers are capable of 
containing one or two cassettes. A number of disadvan- 
tages are associated with large lot sizes of 25 or 50 
semiconductor substrates. One disadvantage being that 
as the number of semiconductor substrates associated 
with a given production lot increases the cycle time for 
completing that lot also increases. For example, some 
steps in the manufacturing of semiconductors take 
twice as long to process 50 semiconductor substrates 
as compared to 25. Therefore, cycle time is increased 
for large lots. 

Another disadvantage of larger lot sizes is related 
to the risk and flexibility associated with manufacturing. 
For example, where the process lot size is the same as 
the transport lot size, if an event causes a lot to be 
destroyed, such as when a processing tool is operating 
out of a required range, the device loss from a large lot 
of semiconductor substrates is proportional to the 
number of semiconductor substrates in the lot Also, 
large lot sizes reduce the flexibility of a manufacturing 
facility to support a wide range of semiconductor 
devices. As the number of devices available from a 
given lot increases, by either increasing lot sizes, 
shrinking device sizes, or increasing the semiconductor 
substrate size, the models used for production risk man- 
agement and planning purposes need to change. 

Ergonomic limits for human lift and carry pose yet 
another problem for large lot sizes. For frequent repeti- 
tive motions, 18 pounds is considered to be the upper 
weight limit which humans can safely handle. These 
repetitive functions are of a type as would be encoun- 
tered in a semiconductor manufacturing facility. Within 
such a facility, carriers are lifted from transport devices 
or inventory storage areas and carried to a specific 
piece of processing equipment. Large lot sizes pose a 
risk by having increased weight from both added carrier 



size, and increased semiconductor substrate weight 
and count. Some studies indicate that a weight of 15 
pounds is a more appropriate upper weight prevent to 
help limit problems associated with carpal tunnel syn- 
s drome. Therefore, as lot sizes and semiconductor sub- 
strate sizes increase, the additional weight poses health 
and safety considerations. 

Tne need for clean environments in the semicon- 
ductor processing arts is well known. Present capabili- 
10 ties for providing cleaner environments allow for clean 
rooms rated at a M1 level. A class M1 clean room envi- 
ronment indicates that ten or fewer particles having a 
size of 0.5 microns (jam) or less, above a given size, 
reside in a cubic meter of air. The particle size allowed 
is is dependent upon a minimum geometric feature of the 
semiconductor process being implemented. For exam- 
ple, if the minimum semiconductor feature size is one 
micron (^m), the particle size allowed for purposes of 
determining the clean room rating would be one third 
20 that feature size, or 0.33 urn. As minimum feature sizes 
become smaller, the need for improved clean room 
environments will increase past the sub-M1 rating. 

One known means of implementing a mini-environ- 
ment is the Standard Mechanical Interface specification 
25 (SMIF). One implementation of SMIF maintains a mini- 
environment inside a bottom loading carrier. As illus- 
trated in prior art FIG. 1, the bottom loading carrier pod 
has a carrier with an opening located at the bottom. 
When not engaging a specific piece of semiconductor 
so equipment the carrier has a door covering the opening, 
such that it creates a seal with respect to the carrier. 
Within the pod, semiconductor substrates reside hori- 
zontally in a cassette which is separate from the carrier. 
In order to access the enclosed semiconductor sub- 
35 strates, the carrier is placed upon a receptacle which 
removes the sealed mini-environment pod door and 
lowers door and semiconductor substrates into a tool 
environment where the semiconductor substrates can 
be further accessed. One problem associated with this 
40 type of carrier is that the mechanism which lowers the 
semiconductor substrates into the tool environment 
does so by lowering the pod door. This permits the out- 
side of the door, which has been exposed to the rela- 
tively dirty manufacturing environment, to be lowered 
45 through the tool mini-environments where a stricter 
clean room standard is maintained. This allow contami- 
nation of the mini-environment. 

An additional problem associated with the prior art 
as illustrated in FIG. 1, deals with ergonomic limits and 
so the mounting of a pod containing a large number of 
semiconductor substrates on a tool. 900 mm is consid- 
ered to be the height which humans can safely lift and 
mount a pod. As a result, in order for a tool to directly 
access all of the semiconductor substrates, it requires 
55 the cassette to be lowered completely into the tool. For 
operation from the 900 mm load height, this can result in 
there not being enough clearance for the mechanical 
mechanism lowering the door and cassette to operate 
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without residing below floor level. 

Therefore, a need exists to have a semiconductor 
substrate carrier capable of accessing semiconductor 
substrates in a mini-environment such that the process- 
ing equipment can access the semiconductor sub- 5 
strates directly upon removal of the door. 

Brief Description of the Drawings 

FIG. 1 illustrates a prior art mini-environment car- 10 

rier. 

FIG. 2 illustrates a side view of mini -environment 
carrier in accordance with the present invention. 

FIG. 3 illustrates a top view of mini-environment 
carrier in accordance with the present invention. ?5 

FIG. 4 illustrates a front view of mini-environment 
carrier in accordance with the present invention. 

FIG. 5 illustrates a fabrication environment and tool 
using a mini-environment carrier in accordance with the 
present invention. 20 

FIG. 6 illustrates a fabrication environment and tool 
using a mini-environment carrier in accordance with the 
present invention. 

Detailed Description of a Preferred Embodiment 25 

In the semiconductor arts, the quest for increased 
devices in a cost efficient manner has been paramount. 
The common methods of increasing the number of 
devices efficiently has included reducing individual 30 
device sizes, increasing lot sizes, and increasing semi- 
conductor substrate size. 

Major conversions to larger semiconductor sub- 
strate sizes occurred from 100 mm semiconductor sub- 
strates, 150 mm semiconductor substrates, and on up 35 
to 200 mm semiconductor substrates. These conver- 
sions took full advantage of the increased device poten- 
tial by maintaining previous lot sizes as semiconductor 
substrates diameters increase. As 300 mm semicon- 
ductor substrates become a reality, there are several 40 
considerations which make maintaining current lot sizes 
of 25 or 50 semiconductor substrates unattractive. 

A first consideration is ergonomic in nature. A plas- 
tic semiconductor substrate carrier capable of holding 
25 300 mm semiconductor substrates is estimated to 45 
weigh approximately 21 pounds. This weight is above a 
desired weight of no more than 15 pounds for frequent 
repetitive motion by a human operator, as found in a 
modern semiconductor facility. Therefore, an optimal lot 
size for ergonomic reasons is less than 25 semiconduc- so 
tor substrates. 

In a fully automated fabrication facility, ergonomic 
considerations would not necessarily be a limitation. 
However, fully automated facilities do not provide the 
necessary flexibility needed by facilities which are not 55 
dedicated to a given product. This flexibility would 
include: the addition of new equipment; moving existing 
equipment, possibly for improved work flow as product 
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mix changes; or for processing individual and mixed lots 
of semiconductor substrates which generally requires 
human intervention. For example, it may desirable for a 
manufacturer to build a low volume part in a 300 mm 
fabrication line. A twenty-five semiconductor substrate 
lot can produce several years worth of inventory. The 
cost associated with testing, packaging and maintaining 
inventory on several years worth of inventory is not 
practical. For reasons like these, flexibility is a require- 
ment of many semiconductor facilities. 

Cycle time is another important consideration in 
maintaining flexibility and reducing costs. The ability to 
quickly process semiconductor substrates allows for 
running a variety of products on single processing line, 
and quicker turn around for a given lot. Decreased cycle 
time also decreases costs associated with individual 
lots. Therefore, a shorter cycle time allows for more flex- 
ibility in product mix and product scheduling, as well as 
lower costs. 

Another consideration against maintaining current 
lot sizes with semiconductor substrates larger than 200 
mm addresses business considerations such as risk 
management and planning. Semiconductor manufac- 
turers use various business models to plan, schedule, 
and budget semiconductor operation. Most of these 
models are optimized for 200 mm semiconductor sub- 
strates. Taken into account in these models are such 
items as the affect of a lot being destroyed, the number 
of devices needed to support production needs, the 
affect of running needed engineering test lots, and lead 
time to support production needs. By increasing semi- 
conductor substrate sizes and maintaining existing lot 
sizes, these models would all change significantly 

The risk factor associated with the business consid- 
erations is significant with 300 mm semiconductor sub- 
strates. A 300 mm lot comprising twenty-five 
semiconductor substrates can produce a significant 
amount of product. If a single large lot were destroyed, 
the affect on business would be substantial. This factor, 
when taken into account in a cost model, causes an 
increase in riskfcost for devices from large lot sizes. 

As discussed above, ergonomics, cycle time, risk 
management, product planning, and factory flexibility 
considerations make it undesirable to maintain the 
present lot size of twenty-five semiconductor substrates 
for 300mm wafers. It is estimated that from an ergo- 
nomic perspective that as many as approximately fif- 
teen semiconductor substrates could reside in a single 
carrier without violating the fifteen pound goal. There- 
fore, ergonomic considerations dealing with weight set 
an upper limit on the number of wafers which can be 
manually moved in a flexible processing environment. 

From a risk management, cycle time, planing and 
flexibility perspective, using fifteen 300 mm semicon- 
ductor substrates provides nearly 50% more devices 
than twenty-five 200 mm semiconductor substrates, 
based on the fact that a 300 mm semiconductor sub- 
strate has approximately 2.25 times the surface area of 
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a 200 mm semiconductor substrate. Therefore, an opti- 
mal number would closely approximate the same 
amount of product as the previous twenty-five 200 mm 
semiconductor substrates provide. Theoretically, this 
works out to be between eleven and twelve 300 mm 5 
semiconductor substrates to provide approximately the 
same number of devices as twenty-five 200 mm semi- 
conductor substrates. The need for a test semiconduc- 
tor substrate, which is generally used to monitor the 
manufacturing processes, would suggest a preferred 
carrier size of thirteen 300 mm semiconductor sub- 
strates to support a production facility. A carrier size of 
thirteen is an estimated value, and the actual carrier 
size may vary from approximately ten to approximately 
fourteen semiconductor substrates. 

The need for improved cleanliness of semiconduc- 
tor substrate environments is also needed. For semi- 
conductor feature sizes currently in manufacturing, a 
class M1 clean room is generally considered minimum. 
Because the implementation of feature sizes at the 
0.25/0.18 (im level and the conversion to 300 mm sem- 
iconductor substrates are occurring at roughly the same 
time, environments capable of processing the semicon- 
ductor substrates in areas better than a class Ml clean 
room are needed. Contamination control in entire fabri- 
cation environments beyond the class M1 level for an 
entire fabrication floor will be very costly. Therefore, an 
alternative of using semiconductor facilities equipped 
with mini-environments designed for processing 
0.25/0.18 ^m technologies provides a preferred solu- 
tion. 

A mini-environment is an environment within a tra- 
ditional clean room which itself is isolated from the 
larger clean room environment. A tool which performs a 
process on a semiconductor substrate may maintain its 
own internal clean environment such as interface cham- 
ber 435 (FIG. 5) or 665 (FIG. 6). This would be one 
example of a mini-environment, another would be the 
environment maintained by a semiconductor substrate 
carrier 200 which would be airtight from the surrounding 
environment. Therefore, as minimum feature sizes 
become smaller in the semiconductor arts, the need for 
improved clean room ratings is increased. 

Preliminary information suggests that semiconduc- 
tor substrate carrier mini-environments may achieve 
class M0. 01, and can provide isolation two to three 
orders of magnitude improved over a surrounding envi- 
ronment. This suggests that factories with class M1 or 
better environment could be built and support mini envi- 
ronments to the M0. 01 level. Because the cost of imple- 
menting a class M1 rated clean room facility is a small 
portion of facilitating a one billion dollar plus factory, it is 
also unlikely that ultra large scale integrated circuit facil- 
ities will be built with contamination control less clean 
than class M1. With semiconductor processing tools 
expected to be capable of maintaining class 0.01 mini- 
environment, the need for a semiconductor substrate 
carrier capable of maintaining the same quality will also 
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be necessary. 

FIGs. 2, 3, and 4 illustrates different views of an 
integrated carrier in accordance with the present inven- 
tion. The carrier 200 of FIG. 3 is an integrated carrier 
because a non-removable cassette is built into the car- 
rier. Integrated carrier 200 comprises a shell 210, a 
shell base 217, and a side door 220. 

In one embodiment of the invention, the shell 210 
integrates the functions of the prior art shell and cas- 
sette. The shell 210 has a rectangular shape when 
viewed from the side, and has four substantially flat 
sides, one curved side, and forms an opening on a sixth 
side. The shell 210 has fourteen adjacent rails 230, or 
teeth, horizontally oriented for supporting thirteen indi- 
vidual 300 mm semiconductor substrates in a horizontal 
position during transport. A Horizontal plane is consid- 
ered to be a plane substantially parallel to the floor of a 
fabrication facility. Note that the rail associated with a 
given horizontal plane may constitute one continuous 
rail (not shown), or a set of rails 230 capable of support- 
ing the semiconductor substrates The plane formed by 
the opening of the shell 210 is vertical. 

In an alternate embodiment, a shell and separate 
cassette (not shown) can be used. This embodiment 
would allow the cassette to be removed from the shell. 
The relational features discussed with reference to the 
integrated carrier also apply to the non-integrated car- 
rier, unless noted otherwise. 

The rails come in physical contact with the semi- 
conductor substrates. In order to avoid static build up 
near the semiconductor substrates, the rails should 
include a static dissipative material to reduce the likeli- 
hood static charge accumulating on the substrates. 
Such materials include poiypropilene, PEEK (poly ether 
ethea ketone), and polymers such as polycarbonate 
that may or may not contain fillers such as carbon fillers. 
Conversely, the shell 210 should have an outer surface 
which includes a static n on -dissipative material such as 
ABS, polyethylene, poiypropilene, and polycarbonate. 
This attracts small particles, serving as a particle scav- 
enging surface to minimize the particle count on the 
semiconductor substrates. Between adjacent rails, slots 
exists from which semiconductor substrates may be 
inserted or removed horizontally. Three of the five sides 
and the opening of the shell 210 are oriented such that 
they are vertical relative to the horizontal plane created 
by a rail. The door 220 is located on a plane perpendic- 
ular to the semiconductor substrate orientation as 
defined by the rails. The shell 210 both protects and 
supports semiconductor substrates and allows access 
to the semiconductor substrates through the opening. 

When viewed looking toward the opening of the 
shell 210, there is a flange 215 along the front edge of 
the shell 210. The front edge of the shell 210 is formed 
by a top surface, bottom surface, left surface, right sur- 
face of the shell 210. This constitutes the front surface 
of the shell 210. The flange is implemented such that it 
can interface with the shell 210 side door 220 and man- 
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ufacturing tools. 

The side door 220 is a removable door which 
resides at the shell 210 opening. In a preferred embod- 
iment, it may reside within the confines of the flange, but 
is not so limited. The side door 220 fastens to the shell 
210 such that an airtight mini-environment may be 
maintained within the carrier. This can be accomplished 
through the use of a mechanical cam type mechanism 
or by a bladder type system capable of being exercised 
by collapsing the bladder. A preferred side door 220 has 
a fail-closed bladder seal accessible to and opened by a 
single mechanism which collapses the seal by providing 
a vacuum or reduced pressure area on the inside of the 
bladder by using a rigid having a hollow portion. This 
interfaces to a release feature on the side door 220 
which allowed access to a hollow area in the side door 
220 which interfaced to the bladder. The too! then 
removes the side door 220 once the bladder is col- 
lapsed. The present invention is not intended to be lim- 
ited by the mechanisms discussed, as it is understood 
that there may be numerous mechanisms capable of 
providing the seal and access to the shell 210. In addi- 
tion, a preferred side door 220 is removable independ- 
ent of the semiconductor substrates. For example, the 
side door 220 can be removed from the shell 210 with- 
out removal of the semiconductor substrates from the 
shell 210. 

The support base provides support and a horizon- 
tal reference plane to the shell 210. The horizontal ref- 
erence plane and the rails have lengths that are 
substantially parallel. The support base may be either 
an integral portion of the shell 210 body or a removable 
portion capable of detachment from the shell 210 body. 
An embodiment having no support base is possible, for 
example, where the flange associated with the shell 210 
is missing or not below the bottom surface of the shell 
210. 

The carrier 200 has a side opening for receiving 
semiconductor substrates. The carrier 200 protects and 
supports semiconductor substrates. The semiconductor 
substrates are stored and transported in a horizontal 
position. The cassette 200 has several advantages over 
the known prior art. First, for substrates transported in a 
horizontal position, as opposed to a vertical traditional 
position, particle creation caused by semiconductor 
substrates shifting back and forth within the slots of a 
vertical carrier is reduced. Additionally, when carriers 
transporting and storing semiconductor substrates ver- 
tically are attached to tools or equipment, in order to be 
processed horizontally, they must have an orientation 
change. If done by rotating cassettes to a horizontal ori- 
entation, contaminates are introduced because pre- 
existing particulates are disturbed, and new particulates 
can be created from shifting of the semiconductor sub- 
strates against the carrier. With 0.25/0.18 ^m proc- 
esses, the sensitivity to particulates is increased over 
previous technologies with larger minimum feature 
sizes. 
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If cassettes transporting semiconductor substrates 
in a vertical position are used, then robotics which must 
lift the vertical semiconductor substrate beyond the car- 
rier before presenting it to the tool are used. This 

5 requires more complex mechanisms. For a 300 mm 
semiconductor substrate, the height needed to clear a 
vertically transported semiconductor substrate would 
be even more prohibitive by requiring in excess of 600 
mm from the carrier base to the top of the extracted a 

to semiconductor substrate. 

The present embodiment of the invention is benefi- 
cial over prior art horizontal transport systems, in that 
known prior art transport systems of plurality of semi- 
conductor substrates in a mini-environments, were 

is accessible only from a bottom plane. To dock a bottom- 
door carrier onto a processing tool, a robotics system 
capable of supporting three substantial axes of move- 
ment is required. In addition, such a method requires 
the contaminated door, which lowers the semiconductor 

20 substrates into the processing area, to reside in the 
same space as the semiconductor substrates. Even 
worse, the semiconductor substrates are continuously 
being lowered into the immediate area which was just 
previously occupied by the contaminated door. There- 

25 fore, the semiconductor substrates are being lowered 
through contaminated space. In an environment using a 
side door carrier, the side door can be removed in a ver- 
tical direction from the system, once clear from the car- 
rier body (a short horizontal distance). This occurs in 

30 such a way that the semiconductor substrates do not 
follow the same path as the side door. In addition, the 
door can be moved to a separate area if desired, as may 
be needed to maintain a high degree of cleanliness. Not 
that in both side and bottom door opening systems, the 

35 outside of the carrier door mates with the outside of the 
tool port door. This pair of doors is then moved into the 
tool. 

As previously mentioned, the carrier 200 needs to 
be interfaced to a tool. The carrier needs to have some 

40 alignment features to align the carrier being mounted to 
a processing tool. These alignment features can reside 
on a horizontal or vertical plane. For horizontal refer- 
ence, the support base 330, can have a plurality of 
alignment features such as kinematic sockets, these 

45 kinematic sockets are used for alignment purposes in 
the processing of the semiconductor substrates. By 
putting alignment mechanisms on the support base 
217, a horizontal reference plane alignment can be 
maintained. Alignment features may also be imple- 

50 mented on the front edge or vertical face of the carrier. 
This would allow a carrier to be transported and directly 
docked to the tool. This approach with alignment fea- 
tures on the vertical plane is equally compatible with 
delivery and docking of the carrier to the tool by an oper- 

55 ator, by an human powered cart, or by robotic transport. 
Additionally, alignment features may be present on the 
side door itself (not shown). 

In a preferred embodiment, it is the side of the car- 
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rier where the opening resides that mounts to the tool 
via alignment features. Once mounted, the carrier's 
weight could be supported by the carrier and tool align- 
ment mechanisms 616 and 621, or by an external 
means such as a clamp 627 that is attached to both the 5 
tool 620 and the carrier 610. It is understood that many 
mechanisms of providing support may exist. 

In one embodiment, the carrier 610 (FIG. 6) could 
be mounted to a tool by aligning alignment features 616 
(FIG. 6) on the front of the carrier 200 to alignment fea- 10 
tures 621 near the port, or door, or the tool. Once 
mounted, the alignment features of the tool could sup- 
port the entire weight of the carrier, a damp 627 could 
support the weight of the carrier, or a transporting or 
other surface such as transport mechanism 450 could 75 
support the weight of the carrier 610. 

In a preferred embodiment, the semiconductor sub- 
strates would be transported and mounted to tools in a 
horizontal position. However, the present invention 
would allow for the carrier 200 to be mounted such that 20 
the semiconductor substrates are oriented in a position 
other than horizontal, such as vertically. 

When mounted in a preferred embodiment, there is 
a gap between the tool and the carrier. This gap allows 
air to flow between the tool environment and the fabrica- 25 
tion environment (ambient region). The ability of air to 
flow between environments is useful in maximizing 
clean room environments. For example, if a tool main- 
tains a class M0. 01 environment, and the fabrication 
facility in which the tool resides is an M1 clean room 30 
environment, it would be beneficial for air to flow from 
the tool to the fabrication area in order to assure the tool 
environment is not contaminated to the surrounding 
level. The gap between the carrier and the tool would 
allow appropriate pressure differentials to be main- 35 
tained. Conversely, if a toot performs a process which 
generates a large quantity of particulates, such as a 
probe function might create, it would be beneficial for air 
flow to be from the fabrication environment to the tool 
environment to prevent unnecessary contamination of 40 
the fabrication environment. This flow from clean to less 
clean areas is desirable. Generally, the gap between the 
tool and the facility will be approximately 10 mm or less 
and the pressure differential will have a magnitude dif- 
ference of one pound per square inch (PSI) or less. 45 

On the same topic, a gap may also exist between 
an intermediate or shrouded environment, such as a 
shrouded area in a manufacturing facility, and the facility 
itself. The gap would also allow air flow between the two 
environments. If the facility were cleaner than the inter- so 
mediate environment, air flow would be from the inter- 
mediate environment to the facility from gap near the 
bottom of the intermediate environment. Conversely, if 
the facility were less clean, air flow would be from the 
intermediate environment to the facility. This would ss 
assure that contaminates near the floor of the more 
clean environment would not be disturbed upward 
through the intermediate environment. Generally, the 



gap between the intermediate environment and the 
facility will be approximately 10 mm or less, and the 
pressure difference between the intermediate environ- 
ment, and the manufacturing facility will be approxi- 
mately one PSI or less. 

The method of operation could also include detect- 
ing relative levels of cleanliness and adjusting the flow 
of air such that the flow is from the less clean environ- 
ment to the more clean environment 

The tool 620 would generally have an interface 
chamber 665 and a processing chamber 680. The inter- 
face chamber 665 is an intermediate chamber where a 
robotics mechanism (not shown) is used to remove the 
side door 615 and transport 670 the semiconductor 
substrates (not shown in FIG. 6) from the carrier 610 to 
the processing chamber 680. Note that if a cassette is 
contained in the carrier 610, the entire cassette may 
need to be removed. 

As discussed above, the side door 616 can be 
removed from in front of the opening of the carrier 610 
and the tool port by engaging the side door 615 with the 
tool port door 630 and moving in a plane perpendicular 
to the semiconductor substrates without moving the 
semiconductor substrates. Moving the side door down 
to a side door/port chamber 660 would be a preferred 
embodiment, as it is desirable to remove the door 615 
and port door 630 to a separate isolated area where any 
contaminates will not be allowed to Interact with the 
same environment that the semiconductor substrates 
are part of. This is an advantage over the prior art, in 
that the door 615 and port door 665 can be removed 
from the path that the semiconductor substrates use to 
engage a processing area of the tool, in another 
embodiment, a hinged door (not shown) that pivots 
down could be used. 

The carrier 200 could be made of a number of vari- 
ous materials. Specifically, either a plastic, or metal car- 
rier may be desirable. A plastic carrier would generally 
be preferred because it is less expensive, lighter, and 
potentially optically transparent as opposed to a metal 
carrier. Plastic does however have limitations in that 
there is limited ability to create a vacuum within the 
mini-environment, and outgassing of plastic materials 
occur. A metal carrier 200, while being more expensive 
and heavier, would allow for a vacuum mini-environ- 
ment. In either event, whether plastic, or metal, a sub- 
stantially air-tight environment within the carrier capable 
of maintaining the increased class clean environment is 
possible. 

In the forgoing specification, the invention has been 
described with reference to specific embodiments. How- 
ever, one of ordinary skill in the art appreciates that var- 
ious modifications and changes can be made without 
departing from the scope of the present invention as set 
forth in the claims below. Accordingly, the specification 
and figures are to be regarded in an illustrative rather 
than a restrictive sense, and all such modifications are 
intended to be included within the scope of the present 
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invention. In the claims, means-plus-function clause(s) , 
if any, cover the structures described herein that per- 
form the recited functions. The mean-plus-function 
clause(s) also cover structural equivalents and equiva- 
lent structures that perform the recited function(s). 5 

Claims 

1 . An apparatus comprising: 

10 

a tool (430) including: 

a wall having an alignment feature; 

an interior region (435); and 

a port that is capable of moving primarily 15 

vertically within the tool (430); and 

a semiconductor substrate carrier (440) capa- 
ble of carrying a plurality of semiconductor sub- 
strates (250), wherein the semiconductor 20 
substrate carrier (440) is mounted to the tool 
(430) near the port and outside of the interior 
region (435) wherein there is a gap (447) 
between the tool (430) and the carrier (440). 

25 

2. The apparatus of claim 1 , wherein the semiconduc- 
tor substrate carrier (440) further comprises: 

a shell (210); 

a plurality of rails (230 ); 30 
a plurality of slots, wherein each slot of the plu- 
rality of slots lies between adjacent rails of the 
plurality of rails (230); and 
a carrier door (220, 446), wherein the carrier 
door (220, 446) that is part of a side of the sem- 35 
iconductor substrate carrier (440) and has a 
primary surface substantially perpendicular to 
length of the slots. 

3. The apparatus of claim 2, wherein the semiconduc- 40 
tor substrate carrier (440) is an integrated carrier. 

4. The apparatus of claim 2, wherein: 

the plurality of rails (230) includes a static disst- 45 
pative material; and 

the shell (210) includes a static nondissipative 
material. 

5. A method of processing a semiconductor substrate so 
comprising the steps of: 

providing a tool (430) including a wall and a 
port adjacent to the wall; 

placing a semiconductor substrate carrier (440) 55 
that has a carrier door (220, 446) and the sem- 
iconductor substrate onto a platform near the 
wall of the tool (430); 



moving the semiconductor substrate carrier 
(440) such that the carrier door (220, 446) lies 
near the port; 

engaging the earner door (220, 446) with ihe 

tool (430), wherein a gap (447) is maintained 

between the semiconductor substrate carrier 

(440) and the wall of the tool (430); 

moving the carrier door (220, 446) out of a 

plane of semiconductor substrate transport; 

and 

accessing the semiconductor substrate (250). 

6. The method of claim 5, wherein the step of placing 
the semiconductor substrate carrier (440) onto the 
platform is performed such that: 

each of the semiconductor substrate carrier 
(440) and the platform further comprises an 
alignment feature; and 

the alignment features are used to align the 
semiconductor substrate carrier (440) to the 
platform. 

7. The method of claim 5, wherein: 

the step of providing the tool (430) is performed 
such that the tool (430) includes an interior 
region lying adjacent a side of the wall of the 
tool (430) and an ambient region lies adjacent 
an opposite side of the wall of the tool (430); 
and 

the method further comprises steps of: 

comparing a relative cleanliness of the 
interior region and an ambient region, 
wherein the ambient region lies on an 
opposite side of the wall compared to the 
interior region to determine which of the 
interior region and ambient region is a 
more clean region and which of the interior 
region and ambient region is a less clean 
region; and 

adjusting a gas flow of a gas through the 
gap (447) such that the gas flows from the 
more clean region to the less clean region. 

8. A method of processing a semiconductor substrate 
comprising the steps of: 

providing a tool (430) including a wall having a 
port, and an alignment feature adjacent to the 
wall; 

providing a semiconductor substrate carrier 
(440) that has a carrier door (220, 446), an 
alignment feature, and the semiconductor sub- 
strate; 

aligning the semiconductor substrate carrier 
(440) to the wall of the tool (430) using the 
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alignment features of the semiconductor sub- 
strate carrier (440) and the wall, wherein a gap 
(447) is maintained between the semiconduc- 
tor substrate carrier (440) and the wall of the 
tool (430); 5 
moving the carrier door (220, 446) out of a 
plane of substrate transport; and 
accessing the semiconductor substrate. 



comparing a relative cleanliness of the 
interior region and an ambient region, 
wherein the ambient region lies on an 
opposite side of the wall compared to the 
interior region to determine which of the 
interior region and ambient region is a 
more clean region and which of the interior 
region and ambient region is a less clean 
region; and 

adjusting a gas flow of a gas through the 
gap (447) such that the gas flows from the 
more clean region to the less clean region 
wherein thereis a pressure differential 
between the more clean region and the 
less clean region and the pressure differ- 
ential is no more than one pound per 
square inch. 

10. The method of claim 5/8, further comprising a step 
of removing a cassette from the semiconductor 
substrate carrier (440) after the step of moving the 
carrier door (220, 446), wherein moving the carrier 
door (220, 446) moves the carrier door (220, 446) 
to a lower elevation, but does not move the semi- 
conductor substrate to a lower elevation. 

1 1 . A method of processing a semiconductor substrate 
comprising the steps of: 

providing a tool (430) having a wall, a port lying 
adjacent to the wall, and an interior region adja- 
cent to a side of the wall, wherein an ambient 
region adjacent to an opposite side of the wall; 
placing the semiconductor substrate adjacent 
to the wall and port such that a gap (447) is 
maintained between the semiconductor sub- 
strate and the wall and the port; 
comparing a relative cleanliness of the interior 
region and an ambient region to determine 
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which of the interior region and ambient region 
is a more clean region and which of the interior 
region and ambient region is a less clean 
region; and 

adjusting a gas flow of a gas through the gap 
(447) such that the gas flows from the more 
clean region to the less clean region. 

12. The method of claims 5, 8 and 1 1 , wherein the step 
of placing is performed such that the gap (447) is no 
greater than 10 mm. 

13. A method of processing a semiconductor substrate 
comprising the steps of: 

providing a tool (430, 620) having: 

a first wall and a first port lying adjacent to 
the first wall, and a first wall gap; 
a second wall, a second port lying adjacent 
to the second wall, and a second wall gap 
(447) lying adjacent to the second wall; 
a first interior region (680) and a second 
interior region (665), wherein: 

the second interior region (665) lies 
between the first and second walls; 
the first interior region (680) lies adja- 
cent to a side of the first wall opposite 
the side adjacent to the second inte- 
rior region; and 

an ambient region lies outside the tool 
(430) adjacent to a side of the second 
wall opposite the side adjacent to the 
second interior region; 

placing the semiconductor substrate adjacent 
to the first wall of the tool (430) such that a first 
wall gap (447) is maintained between the sem- 
iconductor substrate carrier (440) and the first 
wall; 

comparing the relative cleanliness of the first 
interior region (680), second interior region 
(665), and the ambient region to determine 
which of three regions is a most clean region, 
an intermediate clean region, and a least clean 
region; and 

adjusting gas flows through the first and sec- 
ond gap (447) to form a gas flow pattern 
selected from: 

from the most clean region to the least 
clean region; 

from the most clean region to the interme- 
diate clean region; and 
from the intermediate clean region to the 
least clean region. 



9. The method of claim 8, wherein: 10 

the step of providing the tool (430) is performed 
such that the tool (430) includes an interior 
region lying adjacent a side of the wall of the 
tool (430) and an ambient region lies adjacent is 
an opposite side of the wall of the tool (430); 
and 

the method further comprises steps of: 
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